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A Dienyl Boronate-Aryl Nitroso Ene Reaction Entry to C-Pyrrolyl 
Nitrones and Subsequent Conversion to Isoxazolidines 
Ludovic Eberlin,[a,b] Aurélie Macé,[a] Andrei S. Batsanov,[b] Bertrand Carboni*[a] and Andrew 
Whiting*[b] 
 
Abstract: A new cascade reaction to access C-pyrrolyl nitrones en 
route to isoxazolidines is reported; a process that involves four 
successive steps, the first key step being an ene-reaction of a 3-
methyl-1,3-dienylboronate ester with an aryl nitroso compounds to 
derive uncommon 1,3-dipoles which react with various alkenes to 
access isoxazolidines. The scope and mechanism of the cascade 
sequence is discussed. 
Introduction 
 
One-pot, multiple-step processesare increasingly important in 
organic chemistry, especially in order to access drug-like 
compounds.[1] The main advantages of such sequences include: 
atom economy; reduction of waste and need for 
chromatographic purification steps; and saving of time and effort. 
Boronic acids and their derivatives are increasingly and 
extensively used as building blocks in organic synthesis [2] and, 
as such, have proved to be particularly effective in 
multicomponent processes.[3] On the other hand, nitrones have 
been also recognized as valuable synthetic intermediates in 
organic and medicinal chemistry[4] and are generally prepared 
either by condensation of N-alkylhydroxylamines with carbonyl 
compounds, or oxidation of hydroxyl amines, secondary amines 
or imines or via other miscellaneous methods.[5] We report 
herein a novel route to C-pyrrolyl nitrones 3 from a boron-
substituted diene and an arylnitroso compound, the scope and 
some mechanistic considerations of this cascade sequence and 
the behaviour of these 1,3-dipoles towards activated alkenes in 
order to access isoxazolidines (Scheme 1).[6]  
 
Scheme 1. Access to nitrones 3 from 1-boronated 1,3-dienes 1 and arylnitroso 
compounds 2. 
Results and Discussion 
We previously reported that 1-boronated-1,3-dienes react with 
substituted nitrosobenzene in methanol to afford the resulting 
pyrroles 4 via a hetero-Diels-Alder, followed by ring contraction 
sequence (Scheme 2).[7]  
 
Scheme 2. Synthesis of pyrroles 4 from 1-boronated 1,3-dienes and 
arylnitroso compounds. 
We here describe that the course of these reactions are greatly 
impacted by solvent change, i.e. from methanol to ethyl acetate. 
Nitrones 3 then become the major product of a new and efficient 
cascade process, together with formation of the azoxy dimer. 
Nitroso compound 2b (R = 4-CO2Et) was first selected as a 
model compound. Addition to the diene 1 resulted in the 
spontaneous precipitation of nitrone 3b from the reaction mixture 
(See Scheme 1) and, after addition of hexane, it was readily 
isolated in a 54% yield. The nitrone structure was established by 
spectroscopic methods (diagnostic 1H NMR signals at  8.99 (t, 
1H) for CH=N(Ar)O, 8.08 (d, 1H), 7.24 (dd, 1H) and 6.70 (dd, 
1H) ppm for the pyrrole hydrogens). This structure of 3b was 
also unambiguously confirmed by single crystal X-ray analysis 
(Figure 1)[8,9] showing an E-relationship between the large 
groups (aromatic ring and pyrrole substituent). The bond lengths, 
N1-C12 = 1.301 Å and N1-O3 = 1.2991 Å, and the bond angle O3-
N1-C12 = 121.8°, are in agreement with other related nitrones 
described in the literature.[10]  
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Figure 1. X-Ray crystallographic structure of nitrone 3b. 
The unambiguous identification of 3b showed the efficiency of 
the cascade process involved in its formation, which requires 
two molecules of nitrosoarene, combining with one of diene, 
providing high conversion considering the number of new bonds 
being created and the competing pyrrole formation. To study this 
unexpected behaviour in more detail, the influence of different 
solvents upon this reaction with nitrosobenzene as model 
reactant was first examined (see Table 1).  
 
Table 1. Influence of the solvent upon the formation of 3a and 4a from 1. 
 
Entry  Solvent Ratio 1/ 3a / 4a [a] Ratio nitrone /pyrrole [b] 
1 CDCl3 15/66/19 78/22 
2 Toluene d8 20/50/30 63/37 
3 MeOD 0/20/80 20/80 
4 THF d8 22/62/16 79/21 
5 Acetone d6 27/49/24 67/33 
6 CD3CN 14/65/21 76/24 
7 AcOEt 15/65/20 75/25 
8 AcOEt [c] 32/51/17 75/25 
9 AcOEt [d] 19/63/18 78/22 
[a] Ratio measured by 1H NMR analysis on the crude reaction mixture after 2 h 
with % (diene + nitrone + pyrrole) = 100. [b] Ratio measured by 1H NMR 
analysis on the crude reaction mixture after 2 h with % (nitrone + pyrrole) = 
100. [c] Concentration of diene: 0,14 M. [d] Concentration of diene: 1.1 M.  
 
Running the reaction in MeOH substantially increased the 
relative efficiency of pyrrole compared to nitrone formation. No 
significant differences were found for the other solvents (entry 3 
compared with entries 1-2 and 4-7) (Table 1) and there was little 
influence of concentration, as noted for reactions carried out in 
AcOEt, except the expected increase in conversion of the diene 
(Table 1, entries 7, 8 and 9). A further set of experiments were 
carried to improve the oxidation step, necessarily present in the 
cascade process (see the mechanistic hypothesis below) while 
keeping EtOAc as solvent (see Table 2).  
  
Table 2. Influence of the reaction conditions upon the formation of 3a and 4a 
from 1. 
 
Entry  Experimental 
conditions [a] 
Additive  Ratio 1 / 3a / 
4a [b] 
Ratio 3a 
/4a [c] 
1 rt / air no 20/58/22 72/28 
2 rt / O2 no 21/57/22 72/28 
3 rt / Ar no 23/55/22 71/29 
4 rt / air TEMPO (0.1 eq.) 20/68/12 81/15 
5 rt / air TEMPO (0.5 eq.) 10/79/11 88/12 
6 rt / air TEMPO (1 eq.) 0/91/9 91/9 
[a] Concentration of diene: 0.53 mol.L-1. [b] Ratio measured by 1H NMR analysis 
on the crude reaction mixture after 1.5 h with % (diene + nitrone + pyrrole) = 
100. [c] Ratio measured by 1H NMR analysis on the crude reaction mixture 
after 1.5 h with % (nitrone + pyrrole) = 100. 
 
Hence, no modification was observed, either when the reaction 
was carried out under either air, oxygen or argon (Entries 1-3, 
Table 2). The addition of 2,2,6,6-tetramethylpiperidineoxyl 
(TEMPO) caused the total consumption of 1a and an increase in 
the final ratio of compounds 3a to 4a (Table 2, entries 4, 5, 6). 
However, there was only a moderate effect, more consistent 
with the suppression of any competing radical reactions, rather 
than having a direct impact upon the process itself.  
Finally, the influence of the substituent on the aromatic ring of 
compounds 2 was examined with respect to the ratio of pyrrole 
to nitrone (see Table 3) while keeping EtOAc as solvent. 
 
Table 3. Influence of the substituent on the aromatic ring upon the ratio 3 / 4 
 
Entry  Starting nitroso 
compound 
R  Ratio 3 /4 [a] 
1 2a H  75/25 
2 2b 4-CO2Et 95/5 
3 2c 4-Br 83/17 
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4 2d 4-Me 68/32 
5 2e 2-Me 43/57 
6 2f  4-OMe 57/43 
[a] Ratio measured by 1H NMR analysis on the crude reaction mixture after 2 h 
with % (nitrone + pyrrole) = 100.   
 
Table 3 shows that with an electron-withdrawing group (CO2Et 
or Br), the ratio of nitrone to straight pyrrole formation was 
higher than with a simple phenyl group, and conversely, with an 
electron donating substituent, more pyrrole formation was 
observed; the lowest ratio being detected with an ortho-methyl 
substituent (see Entry 4). 
Overall, these experimental results suggest the following 
mechanistic rationale, i.e. involving the formation of nitrones 3 
from 1. The first step of this process could be the formation of a 
pyrrole 4, as previously reported followed by nitrone formation.[7] 
However, this hypothesis was readily excluded since pyrrole 4a 
was recovered unchanged when it was brought into contact with 
excess of nitrosobenzene in EtOAc (see Scheme 3).  
 
Scheme 3. Behaviour of pyrrole 4a in the presence of nitrosobenzene. 
 [4+2]-Hetero-Diels-Alder reactions of nitroso derivatives have 
been extensively studied over past decades,[11] and their use as 
enophiles for allylic nitrogen functionalisation has also been 
extensively reported.[12] In the case of aryl nitroso compounds 
and 1,3-dienes, the cycloaddition pathway nearly always 
prevails,[13] except in a few cases of metal-catalyzed amination 
reactions.[14] We therefore hypothesize that the first step of the 
formation of nitrones 3 was likely to involve a nitroso-ene 
reaction, to give the hydroxylamine 5 (Scheme 4); behaviour that 
is in agreement with the increase of enophilic reactivity observed 
for nitroso compounds possessing an electron-withdrawing 
group (see Table 3). However, it is not clear what role the 
solvent plays in this process, as mentioned above. After the ene 
reaction, the second step of the cascade process would then be 
the conversion of hydroxylaminodiene 5 to the corresponding 
nitrone 6 (path A). This oxidation step is likely caused by the 
nitrosoarene (present in excess), and indeed, such processes 
have been reported previously by Knight and Loadman for N-
alkyl-N-arylhydroxylamines.[15] Also of note is the positive effect 
that TEMPO can have on the conversion of hydroxylamines to 
nitrones.[16] Finally, a hetero-Diels-Alder reaction with further 
nitroso species, followed by the already mentioned ring 
contraction-pyrrole formation reaction likely occurs to afford 3. 
However, of course, the formation of the pyrrole ring could may 
precede the oxidation step of the hydroxylamine 5 (path B).  
 
Scheme 4. Proposed mechanism for the formation of nitrones from the 
reaction of 1-boronated 1,3-dienes and nitrosoarenes. 
To our knowledge, only three isolated examples of nitrones 
possessing a C-pyrrole substituent have been hitherto reported 
in the literature.[17] Due to the multiple synthetic applications of 
similar derivatives in organic synthesis,[5,18] we initiated a further 
study of their reactivity as 1,3-dipoles towards activated alkenes. 
Hence, starting with nitrone 3b (obtained pure in good yield by 
precipitation from the reaction mixture, via the reaction shown in 
Scheme 1), cycloadditions were then carried out in toluene, 
except for ethyl vinyl ether which was used as reagent and 
solvent (see Table 4). 
 
Table 4. [3+2] Cycloaddition of 3b to activated alkenes 
 
Entry  Alkene Cycloadducts Yield (d. r.) [a, b] 
1 
 
 
76 [c] 
(9b/9’b = 75/25) 
2 
 
 
50 [d,e] 
(10b/10’b = 50/50) 
3 
 
 
63 [d] 
(single isomer) 
4 
 
 
67 [f]  
(12b/12’b = 
33/67) 
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5 
 
 
77 [d,g]  
(13b/13’b = 
84/16)[h] 
6 
 
 
77 [i] 
(14b/14b’ = 
75/25) 
[a] Isolated yields. [b] Diastereomeric ratio are determined on the 1H NMR 
spectrum of the crude material. [c] Toluene, 90 °C, 15 h. [d] Toluene, 80 °C, 
15 h. [e] 73% yield based on recovered starting material. [f] Toluene, r.t., 19 
h. [g] 85% yield based on recovered starting material. [h] Another isomer 
13”b (inverse regioselectivity) was also identified (13b/13’b/13’'b=73/15/12 
in the crude product). [i] Ethylvinylether as solvent, 80 °C, 72 h. 
 
As expected, this versatile pericyclic process tolerates a range 
of electron-poor and electron-rich dipolarophiles and 
cycloadducts 9b-14b were obtained in moderate to good yields, 
usually after heating at 80-90°C, except for nitroethylene which 
reacted at room temperature. Their structures were determined 
by comparison with the literature [19] and by 1H, 13C and 1H-1H 
NOESY NMR experiments. In the case of unsymmetrical 
dipolarophiles, the [3+2] cycloaddition, controlled by the frontier 
molecular orbitals on the nitrone and the alkene,[20] is highly 
regioselective leading to the 4-substituted isoxazolidine(s) when 
the dipolarophile is electron poor (Entry 3-5, Table 4) and to the 
5-substituted isomers in the case of an electron-donating group 
(Entry 6, Table 4). Concerning the stereoselectivity, endo 
cycloadducts (trans relationship when a single electron 
activating group is present) were predominantly obtained with N-
phenylmaleimide, -nitrostyrene and ethyl vinyl ether, a sole 
isomer being only observed with phenyl vinylsulfone. In 
agreement with the literature related to C,N-diaryl nitrones,[19c] 
this selectivity was reversed for nitroethylene.  
Compared to a C-phenyl substituent, the presence of the pyrrole 
moiety on the nitrone core leads to a decrease in reactivity 
towards electron poor partners. This was confirmed by carrying 
a competitive cycloaddition using equimolar amounts of 3b and 
15 [21] to phenyl vinyl sulfone, selected as a model dipolarophile. 
A 9/1 mixture of 16 and 11b was obtained after 15 h in toluene 
at 80 °C (Scheme 5).  
 
Scheme 5. Competitive [3+2] cycloaddition of 3b and 15 to phenyl vinyl 
sulfone. 
Due to difficulties encountered during the purification of 
compounds 3 by column chromatography, we chose to carry out 
the successive formation of the nitrone and the subsequent 
cycloaddition in a one-pot sequence. N-Phenylmaleimide was 
selected as model dipolarophile and the reactions were 
accomplished in the presence of TEMPO, i.e. under the best 
conditions for the formation of the nitrone intermediate (Table 3). 
In order to enlarge the range of the reaction temperature, AcOEt 
was replaced by toluene, without any notable affect on the 
overall yield. The crude reaction mixture was checked by 1H 
NMR after 1.5 h to ensure full consumption of diene 1. N-Phenyl 
maleimide was then added and the mixture and stirred at 90 °C 
for 16 h. Although yields were moderate, they were the result of 
four reaction steps, the best results being obtained when an 
electron-withdrawing group was present on the aromatic moiety. 
With a para-methoxy substituent, no cycloadduct was observed, 
although the formation of the nitrone was evidenced by 1 H NMR. 
Concerning the stereoselectivity, a mixture of endo- and exo-
isomers, respectively 9 and 9', was always obtained. The 
stereochemistry of these isomers was established by 1H, 13C 
and 1H-1H NOESY NMR spectroscopy and confirmed by three 
X-ray structures of 9’a (R = H), 9d (2-Me) and 9f (R = 4-Cl) (see 
supporting information).[9] 
 
Table 5. One pot nitrone formation/[3+2]-cycloaddition sequence 
 
Entry  R Cycloadducts  Yield 
(%)[a] 
Diastereomeric ratio 
endo/exo [b] 
1 H 9a + 9'a 40 67/37 
2 4-CO2Et 9b + 9'b 40 51/49 
3 4-Br 9c + 9'c 45 58/42 
4 2-Me 9d + 9'd 25 67/33 
5 4-OMe 9e + 9'e - - 
6 4-Cl 9f + 9'f 51] 55/45 
[a] Isolated yields. [b] Determined on the 1H NMR spectrum of the crude 
material.  
Conclusions 
In summary, the synthesis of C-pyrrolyl nitrones from a dienyl 
boronic ester and nitroso arenes was investigated. A presumed 
mechanism for this new cascade process involves an ene 
reaction as key first step, favoured by the presence of an sp3 
boron substituent. In situ oxidation and Diels-Alder / ring 
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contraction sequence (in this or the reverse order) occurred in a 
second phase of the reaction. The regio- and stereo-chemical 
course of cycloadditions to activated alkenes was similar to 
those observed for the analogous C-phenyl nitrones, a small 
decrease of reactivity being observed.  
 
Supporting Information Summary 
 
Experimental details, compound data, and copies of NMR 
spectra of new compounds. 
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A new cascade reaction to access C-pyrrolyl nitrones is reported. This process 
involves four successive steps; the first key step being an ene-reaction of a 3-
methyl-1,3-dienyl boronic ester with an aryl nitroso compound. The mechanism of 
the cascade sequence is discussed and the reactivity of these uncommon 1,3-
dipoles towards various alkenes examined to access isoxazolidines.  
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